
As noted in Figure 26-1 the maximmr heating requirements were duri....ng . .. - . ~ . . . . . . 

Decenber of 1983 and t:Januaxy, 1984. ··· It \-ia.S during this t.:iire that record 

brea.Jci,j;lg lov1 terrp;ratures were registereq for this area of the countJ:y. 

26.3 Heat ~ L~soection 

In mid JUne, 1984, foll~ eight months of continuous production, 

th~ plate . h~<;?t ~changer ·Wii!? disassembled, · for routine maintenance and 

inspection. The plates ~ viSt?llY inspected for pitting, . c:On:osion, or 

~caling on the g~~zrnal .and. ~~· ~ter ·sides •. · .· 

~-s ;visual .~on-:~ the geothel::rtal side tO be- essentially 

free of deposits, scaling, and con:osion; the- sw::face. had a glossy . metallic 

appearance. ··-.<- .""~ r~ . 

,. . ~ Use o~ -~sh .. ~~-~ 1;!l!a p:>Uection resenTOir had resulted in a 

th:i.n _siepo§.it of .. a.J.gae. ~~cp ~~ed th~ fresh wate:~; side of the plates, 'but a 

~!?' soap . and wa~ so],ution JlaS _ c;ilile to · ~e thi.s layer of material and 

~~-~- the plates .. to~ .9~~ssy ,me~c surface with no apparent ·pitti.ng ·having 

occurred. .... :·:.. .. : .. .<7. ·.: ·.·: .. '.:.1 

This . inspectio~ cont~ . that the .·systems' design is efficient and 

.... will ~~ or e~~e. apy !J:ig~ costs other than .yearly routine maintenance 

, .... 

.... . ·. ,.· .. · . . )_. 

. 3 . • 1.-. ~.!,...,-..:. 

.. "; . : ,· ~ .... • . .:. -":. '='·: • :: ·: ·" 

-... 1.:': ~ .. ·· .·:·: ....... : .. __ . : .. "- .. :~:-; ;· 
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27. 0 DISFOSAJ;, SYSTEH PERFORMAL'lCE 
't. 

Disposal of the spent geothermal fluids is accanblished by flowing 

these flu~ds into an injection well (see Section 16 and 27) . All spent 

geofluids flow by gravity into the injection -well and are dispersed into the 

Upper Woodbine Fonnation. 

During the eight nonth period of eystern' s operation, the inject;ion 

v.-ell was treated '1-lith a hundred pounds of citric ·acid. on four separate 

occassions to rerrove salt buildup· . in the Woodbine Fm:mation. The · salt 
.r ,. •• : 

fonnations · block may~to::ofi~±he:: :geefluid§~.<:.into.::: the Woodbine Fonnation. 

Reiuced flow registers as back pressure at a gauge nounted at the injection 

well do.vnhole tubing. The citric acid treat:nent is quick and relatively 

inexpensive when ccnpared to other nethods and treat:Irents. 

Conclusions -were that as long as this type of treatrrent breaks down 

the salt deposits and reduces back pressure .in the . injection weil for nore 

than three weeks, theri oost effectiveness in maintenance and operation are 

achieved. No other problems have been noted in the disposal system 

perfoii!ai'lce. 

-----------------------~-·-- ---·--· .. , ____ .. ________ _ 
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28.0 TRANSMISSICN SYSTEM .PERFOJ<WINCE 

" 
'~ transmission system does not exist in the Navarro College 

Project, this secticn is not applicable. 
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29.0 DISTRIBllrlCN SYSl,'.EM PEFFORMANCE ., 
· ''A distribution system does not exist on the Navan:o College 

·Project, tl)is section ~s not applicable. 
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:·· 

30.0 APPLlCATI<N SYS'I'EM :t:ERF~ · 

~ 

, :l-lhen this syste!l! · ca.n-e into . operation in · CX:tober, . 1983 , two 

~-~ Hit]) poi;.er:ttiaL. perfoxrrance aJ¥;1 econanic problems. ~ . tti.scussed 

with ~~-·. O?J!tra~~ . an~ projec:!:,;. ~s. · These . o:::rtp;:>nents were - the 

nodulating pond tenperature control valves and the plumbing to the badrup 

boiler system. It was noted that the nodulating valves were not designed to 

c:arpletely sh1,1~ .Pff and. thus were all<:Ming a. constant .. flc:M of fresh water to 

enter the ponds even when the geothez:ma.l ~ll was slrut dam. This affected 

the ponds by : imnedi.ately causing a decrease in pond t~tures after they 

had been heated. 

The · ~~d , prOblem involved the, plt)Irbil)g design of ·the backup 

boiler system. I~ the g~l J?UIIP '\\'ere: to b~ ~''Il or kick off due to 

an underload · or< '?verloa1 , the old system Fld~ conti.Oue to all~ unheated· 

fresh water to enter the 1ponds until such a ; tine that the system. 1~ manually 
~ j . ; 

switched to divert water ~ugh~ boiler. , 

.. . __ Both of these p~lems '1\'ere_c::oxrect,ed. by the first of ~cember, 1983, 

~~~~:~ting val~ were rep~~:ecr·.~ih positive Cft/Off Solenoid Val~ 
' . ; 

aOd a fresh water line was installed which allows . fresh Water to pass fran the 
: .. ·....;.·. . ....... _.. .. . ·. 

Plate Heat EXchanger to the bacla,lp boiler and then on to: the shrin'p ponds. · If 
.: . ... - _.. . .... - .... . - . ' ··-·-··· .) . -- --- .... -- -·- -... ·- - ... . 

~ fresh water . i~, ~t heated tlu:ough the Pla~ ~t Exchanger then the boiler 

is autaratically_,.acq~~~ .. :: -. ...,_.. :--:. 

These two corrective . ' rreasures have resulted in the operators 

expressing Satisfaction with the overall system :r;ierfoma.nce. 
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A ccnparision. of ~ ~sts ~ B'IU' s · of conS1Jl!Ption i s presented in 
Figure 30-1. This fiJtre shc:Ms the actual oosts of operating t.~ geothennal 
syst:sla. during peak demand periods in Decari::ler, 1983, and January, 1984. 
'Ihese _figures reflect the actl:lal puirpin<j costs -for ~ · geo"'lUids and a 

· canparable ·cost for ·an equal· arrount of BTU's fJ;c:rn a nat:W:al gas boiler: 

, ..... . 

·: ~ .. .. 

$ · 2400 -. ..:·· .. : ·, · .. Jl:·.: t-''-'-----''-;··· . ;· 

2200 :·:l' - -· , o;.l> . " . ' - ... ,. ~ . -·-

200Q ·;~ - ..- .;:- .. -~ ·· (.." 

1800 

1600 :r:-.. -.'.; NATtJRAI,.. ~ .; : 

·· 1400 

'1200 

800 

-Goo: 

, . .. " 400 

200 

GAS · . .. -. "'""' ~ ·. 
~-- ·_;. 

..... -~: ... .. _. . .,.. ~- .. ; :. ~-.: ·-~--

·. ·· 

::; ; : ,._, . (:. 

H:EAT ·::-·:' ·' . .: .... Hfk · 
··~ .: .= ~;.. 

:p~:~··r.:v· · . .:~0~~ .. .: --: ~:.! i ·:: -~ .... ::-:_ .. · - ":..~-.. JANuARY ... ::· ~ ~7".- · :-~ .. ~J~! .-..;~. 

Energy Con.st!Ipt.ion Cost ~. :~ ... ~ . -:! 

•.-.; : -.::.::r• •· ., •. ::;•; F~~ 3~:;1. :-.: . : . . " 
... J. .... ,, ... ..-..(..: .. -~' i;.:..::. ..... ' ..... -~._!.,·:· . 
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Peak heating dern3llds (Staction .14. 1) show that 962,500 B'IU/Hr are "' . ..... ..·; 

a"l!ailable fra:t the Plate Heat Exchanger and since the average operational· tine 

for Deceml:ler and January was 90%, this is equal to apprmdrnately 27 heating 

. days or 948 hrs. of a-1 tiJr.e. Energy arrount.s ,.~Tailable to the ponds equals 648 

~s. x 962,500 BTU ' s or 623,700,000 BTU's. 

Purrping costs for Dece.'Ylber, 1983, and January, 1984, were 

approximately $600.00 each, which is equal to 1 , 039,500 B'IU's/Dollar. Natural 

Gas prices in Corsica.P~ are $3.8958 per 1000 cubic jeet of gas with 1,030,000 

BTU' s available . per 1000 cubic feet. Tbis eqtJp.tes to. approxi;mateJ..y 264,387 

BTU' s/Dol lar. 

This type of performance reflects a savings of about 75% when 

· c:x::npared to a conventional gas boiler heating system. In addition to meeting 

the demands "for the shrinp . . ponds, ·.the e£fluents provide partial heating 

require!;Ents to the greenhouse. 

Energy cost savings and rnultiP.le · energy applications satisfy the 

operators in te:nns of application system perfoi!I'ailce • 
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31,0 ~ CONS'l'Rlx::TION COSTS 

;.,. ·=: - :' :: t 

• •. :. \ ~ .... J ' ~ , ... .::. I 

"' The total oonstruction costs for the Navarro College geothennal 
. '-· ·-. . 

sy~ is d.ivided into two separ~te construction ·efforts. The effort 

reflects construction costs frau 1978 through -1982 in drilling, 
·- ..... • - ~- • ~~:.:c. ,_ .-;: 

a::npletion, and testing of. the production well. The second effort 
' ~ · __ ._:.. .. _, :!·-~ . ~ .. . , ,. ·-

involved a bid process for .. faci lities installation of1 -the application 

system a.'ld was initiated .during May;.:.. 19.83:: . As presented::.in section 24, 

the base bid was approximately $350,700, but Subsequent purchases a.lJd 

m::ldifications resulted in a final contract pri~<oL$398;953 . -

A breakdcwn of . the· construction · .eost . totars ·.is · presented in 

Table 31-1. 

'if~ie 31..:1. 
"". 0 ._ ;"' 

0J- -~-~------------------------------------~~~----~~--------------~ 

Amount 

PRODUCTION SYSTEM 

- o. Well· drilling; OO'lipletion, 
·o- Testing* ---·- ---- - - - · $ 72,698 

o ~ction Puiip & Pane1_.. 23,550 

. . · .. ::.:· . . ::... 

DISPOSAL .SYSTEM . --
o Well drilling, ccmpletion, 

Testing, Plug- backs, & 

Stimulation 

APPLICATICN SYSTEM 

·-·· "' 

334,480' ' 

o Fencing & fobbilization 5,000 

o Catfish Reservoir Excavation 43,500 

0 Site Work 7 1 000 

0 }\qUa-Pond Excavation 5 1 000 

o .Aquaculture Building 123,000 

1()_3 

; . , . Subtota.lS 

$ 96,248 

334,480 



Item , Subtotals 
o 1\qua-Builctin<]Plumbing 

& Electrical 
... -. 

0 Mechanical Building 
Structure 

. , •· 
0 Mechanical Building . r 

Plunbing & Electrical 

o Outside Plumbing & 
Electrical 

$ 

" 

22,000 

30,000 

I'• I ,. 
20,000 

'. "• 

40,000 .; 

0 Greenhouse .Site Preparation., 5~000 

·.~ .. Concrete ~rk 0 • 35.,000 :''. ' ;I; 

" Can:cre,te.Grade. Beams ·.,. .s,ooo :: ·~ .. ~· ;,'' ... 
. , ,. :.o, .. Controls. .&: loblifications'. · 42'i953 : :· ·-· .•. , . . 

o seeding of Grass 

c; ·-· 
*These Ite;ms Supplied by Navari;9 College 

BreakdO\m. of Navarro College GeotheDnaJ. . .. System Construction Costs · ··-" · 
Table 31-1 

"'; -.. _ .. ' '#~t . . ..... - ..... ~ ': 
:. ·. :.;"'. '.;::: ')'!.·.~ ? . ,·:..~ . •. :·: 

/.· ., .. ; : .. . ~ ·. " ... . ,f .• ' >r; .. ~·~ :"1:-. 

,1\. -~ ..!.... ':- .. 

.. 

$ ~98,953 

-30,000 

$ 859,681 

f 

1 

I 
I 

[ 

[ 

r 
{ 

[ 

[ 
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32.0 OP:ERATpl'G AND ~AIN'I'ENl\NCE COSTS . ~-- . . 

Operating and maintenance (0 & M) costs include labor, utility, 

and repair· or replacement of project materials. 

Labor requirerrents have been. projected for-personnel to run the 
I .. "::_~-: . . · . . -;. .. 

system: and care for each of the project segrrents ·including cultivation ana 

harvest- of all crop i terns. The harve!;?ted . i terns (shrimp, p:roduce , and 
:«_ •• .; ·••• 

catfish) have been used as a resale item in deteDmining : the economics of 

the. system (Section 33). Lal::or requirements. are for one,, full tiJne faculty 
)•.... .. ... ... .. .. 

rctel:llb,9~ as sy5tem operator and supervisor with on~\-h,alf" tim; laborer. The 

cost for these two positions, which includ~~- ·{rll)g~. bepefi ts and indi:rect 

·cosi7s, is approximately $58,000 • . , · , . . . ;· .. 

·Utility cost include parasitic el~icaJ,. __ power; used primarily 

to ~~:t;-.~e system pumps and controls, and a limi;t.ed·.supply of.·ci:ty water · 

for .. use- in the greenhouse. Electrical costs are approximately $2700 per 

year while water· costs---are-- $1000·-pet year:- ·· 
... .. ... --··· ·--··· .... _ ... --·-·-····--·- -···-. ···-

The production pur_rp.-.and ,control circuits have a projected life 

expectaney~;~i~~ · ~ydf~:~ .~:~:::~~~~~~i~-~1{~~ has ~ projected at 

this expectancy against a total cost of $35,000 for a yearly cost of 

$3500. In addition, repair or replacerrent of additional project elerrents 

has been estimated at $2000 per year. 

A st:mnation of these 0 & M costs is presented ·in Table 32-1. 
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Table 32-1. · 

"' 0 

!tan 

PERSCNNEL 

one Full Tilre Operator & SUperv~sor 

Fringe Benfits 
Iildirect Costs 

Qle Half Time Labci:t:e:r 

Costs 

$ 30,000 

7 , 800 
15,000 

0 UTILITIES · ;" ~" ... . . -:·· 

· J:;lectri.c:ai COsts ' 

water.. SuPPly 

. -. I '··'-
, . ~ ..... ; 

::z·~ioa 

1 ,00_..0 
0 REPAIR & ·REPIACEMENr' .... ' .. v 

.. .:. .. 

. ' Production Punp & Controls 0 :,. ~ ·~ 

-. . . .!,. 

. .. . . 
·., ".t .. . 

. • .. 

3,500 

2 ,000 

·'$ 67";2'o0. · 
-.---. . 

" · SUninary of Ye2iriy o &: M Cost E~tes 
For The Na~ College Geo~~ )?roj~ . 
;·· .. • ,~·' ·· ;; r . .:.: •I "Table ·3Z-1 '' .. . . ·· - ;"X'' 

.... ;. I. 

.. , • • -t; .. :-~:· • • •• :·} ~ ','\ • ... ·-~··· . • - ..;::.-.:. t .. ., "' - ~ ..... 

.. ...... -'1 .... -· : '.-:"1:'".t .. · .. 
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. ,_,-. 33.Q SYSTEN CCCNCMICS . . 

· :.. . .. . ~e geoi:he.x!u project at Navarro College is a prototyp: system 

whicl'r has been designed primarily to investigate the technical feasibility 

?<. di,~~~· ~tii~z~tion of geoth;xria{··· ener~ in · a .cas~de application 

_ : s:t:stem. Since. ~s system is a prototype. operation, ii; should be noted 

that· thi ~~ri~c~ of this smaller scale system ~11 not reflect a true 

l:?}:=to/.:e of a 1~. o:::mrercial q~tiol}~ · It has al~ys. been recognized 
; ".. . ' , ... " - ., . ~· . . 
that' ·aevelopre~t: casts would be incurred in this project ~ch need not l::e 

• · .·.::~--···:_:-:_ •• ~ ~. :··_. 1> , .. : • , • • - -- · - -· --::~:ST ~·-

To account for these deve1opnent costs ··and to provide a truer 

' • -.. . _.,., ... · "": Y 7"' .., , : ::·:, .-r-=·: ·. : : . ·• , ,. ~ .~ :;:-... ~ ) ·.-:;:. :.' .~..::~-; :: ;:.! .;:· ·: ) ... .. 
- systEi.rrl are. used 'in the econc.mi.c analysis. The first part 0~ this analysis 

.... \.' ' • ";' ~ : .. ; t . ~ .• : .:.\ : .. ·~ -.... , , • • ' •• -. ~·~..f· . .... . . :. ·_· .•1·.' .• :_. . 

(33:1) · Will CCrilpare 0 & M costS of the Navarro. College project to .the 

-incx:r.e generated· from• harvested . crop-·· items~-·- Tfie -seconcr pa.rt• of this 
.... . .... -.-· . _.,. ····- ... . ... --··· - -· .. ---·--" - ·- ··· -· ··----·-···--·- ·-·--·---· . ........ ' " "' " ' ' " "' 

operation. 

It is p.lso :i.npo~~' a;t. this -point_ to, aQdress the .fact that a 
•• · . .. :.. :.;._, 7: .. :·:: :.:.:._.: __ -:-: ... · - .. . . .... . ..... .... . . ... - -·- ------·· 

_- , ,}; _, ,,1., 'l:-~~¥~9.;P!l :· :li~-- -in'" '~·Jnc~ti,~~; :~d._, J:lelle:Q_t§ ~vai.).$le .to .ccrmercial 

devel~s . ~. These incentives .are listed-in Table 33- 1. ,, .. _,, , ._·1· . . 
.,!.~):_ . ' :{'! . ..... , ... ~ - ::·.- ·#':"~.-·-- ~·., :.; . .... \ :>._ . ;.. .... ...... ~ ~ · ... . . • • :. -' - · . - . -

..... ..,, 'r~le .33_-l.. -· .. - ·····.- -··"· " -- .. , · "":·.:::l:.;. .-·.: 

:. ,::::.~ . -· ·. ,; · · ' cbst ·Ca~~ : ":'~'·'"' 

'· - '~· .-~_; · . Tarlgibi~ '#etr'Fqw.~t? ---
·. \ ~.~ :.. ·'l • • .... 

._.·; . .: . 

0 In~j,pl.e ~~lling. Co~p; 4 

. 1' ;r., : .:. .... 

·: ··:····: ~ . .. .. ... ~ ·' 
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Tax Treatnent 

' '''" capitilized ~ro"ep:rec~ed; 
.. -· . -,-_E)4g:ible::tor _:rn;::: ~· • 

·Expe,pse4.._;for_oeapitalized, at 
taxpayers option) . 
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.·~ •, 

o Design, Plannlng, & J?idding . 
~ 

"' . 
0 Purrp P.ouses & other Equi.prrent 

0 Disposal Eqllif!11ellt 

All other Constzuction Costs 

Capitalized and Depreciated; 
apportioned arcong the appro­priate categories and treated 
accordingly. 

Capitaiized and Depreciated; 
eligible for ETC only. .. 

capitcillzea & Depreciated; 
eligible for IIC, assumed 
eligible ·for ETC. 

· · eaoitalized & beoreeiated· 
eligible for ITC~& .ETC. ' . . . .:~ ' . . _. ~~- ' ... J..... ..-

1 Extracted fran Hedenran 1981, Econan:i.c ~.s~smmt of. Geothenral Direct Heat Technology: · A.:~ Review of Five - DOE ~Deriohstration Projects • . . .. , .. 
2 

Physical v.~ell property such as casing~ valves, etc •.. . ·. ~ :.:r::~ 3. ~' ~. ~ .-.... :o "">:. . - ... :: v· ~ · ... : •• -. ·r --.:· ·:. . 

-­... 

ITC = Investrrent Tax Credit (10%) , ETC = Ener9Y Tax Credit ~- :~. · - ~-.· · · ·. r .,.., .. .~ ·.·-.: : ··! · - -: .:·t:~- ''i: -::: ·. • ·: -· . •· · .-
(15%) ... 

. 4 
Includes labor, ~~- repairs, -~uJ.+ng, ~lies, e~. 

. ~ ·V • .. :~ 

·- ----------------------~-------------------------------------· I~-.... Ta.'c · Treat:rreri.t for 'Cc:I!TtneiCial· Developrents 
Using GeotheJ:mal Energy 

Table 33-1 

33 .1 Geot:hennal Ecbiiati.ics at N~ivario ' College 

-·· rn assessi.Og the :foteiitiaF sticeess of any geothetmil operation, 
·' · several factors need· to' be con.Si:cleied once -the' type· of opeci:t:ionS has been · 

established. · :.If ,·the' t;ype ·of· operatf6ir:·:fs · one· of · 'Si:)a& heiting . for · 
. .- - ,( . ~~:; .. __ ~d,inqs., . .. ~.a .savings over. fossil...fuels or -electric.il : heat must be ·- .. -----· ·--··· - -·-·- .. .. .. realized whiCh offsets' the cost . _, .... ~ 1:~': :: ·.·.t.. . . 

equiprent. The projected pay..:.back 

of instal~.t:4.-~r :: 9f-:; :t:he geothennal 
on this equipment ~ deJ:!endent upon ~- .. _:__ ;- ;. · , -t· ' •• · ... . 

~ .. ..;,.·~ .. ·~r '· ..... : .... ~;. ·. ..• . 
gpecific faetol:'~ :cif"the resource itself, such as quantity ana. quality of 

.· . the' geothexmatc."fluids available • . •. 'DUe/ to :these limi'tati~ . i t can be .. , .._,_' -~:. e.-::~y ;::..=. i 
quickly assessed that larger operations with high energy demands which 

. have access to large quantities of a high quality geothezmal resource will 
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prove to be IrOre. econcmicall,y . feas.:j.ble than ~- prototype operations -~- - .. ---~-- - - .. - . 
. sq~ ar; the one at No\\varro Gollege •. The devel~nt c:Osts incurred for 

~ - ... 
.-

~s "_Project woulq .not shew a ·pay-back on invest:rrent for this- small of a 

. . seal~ . ~atiOl].: ; -~et, pro)ections are present-~ . in: SectiOn 33.2 witi.ch 

~'. t;hat a larger operation ,'i.Qlld be economically- feasible for this type . . .... _-

. ' 

_pf: casp~~e . . application. Therefore, . in assessing the econanics for the 

.. ·.- Nav:az:ro College ~r;ma1; project, . constJ:ucti-on costs have· ' not been · 

<X?~i~ and; t:he~ .follcMing table (33-2) .. oc:rnpares only the incane fran 

·:J,··. . pi?.~~ct ~ j.~ apd i.ncreased stuqent eru:ol~t to the o· & M costs. 

. . :. ~ 

Table 33-2. 

- i'', ... : • . . . . ·. ._ - ;;j 
· ·. :rn~ Fran PrOject Elerrents 

-~ . ... .. ! .. !. ·-
./l..quaculture Crops ... 

.. · . . . . -..,) . • .. 
Shr::i.rrp ( 750 lbs • ) 
catfish (4500 lbs. );-· ... 

$ 6,240 
,_, ;:> ,625 ,_ 

o & M 'eosts 

o Personnel 

o utilities 3,700 

• o -~~f{ & Supplies 

.. .... . -·..:· 0 other 

o~se ·~ 

Tanatoes (9600lbs.) 7 ,200 

·~· 1 • F.:.: .:-:-~ •. 
o.•r:.:r~· t.• t . ... . ·;. '' • ... 

"cuciirit>ers"' cz.fo'o lbs .) · 1,200 
· ·, 

900 

• • ... ··. o =#bj~ N~·- s'&\d~~ ~~ ~ 
Enroll.Jtent Due TQ. · , . • _ 
Facilities On carrpis ·-

25 New Students 

TOl'.ALS 

. . · .. 

50,000 

$71,165 

Navarro College Geothennal Project costS · 
Ahd Incc:rte Ccrcparison 

Table. 33- 2 
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. ·- · 33.2 Larger Scale J\aUacul.ture Operation Econcmi.cs· 
'!. 

·The following' infoz:matiori ·is based on a study to · dEvelop a 10 
i!Cre aquaculture operation ··requiring· 2500 gallons per minute of 150°F 

. ~t:heoral water of potable quality.1 The facilities inclu& thr~· .fully 
. cased 2,000 foot wells with pumps; 40 one 'foi.u:th acre ponds with necessary 
. piping,· :valves, ·.and controls; and a hatche~ ana hai:VeSti.Ilg . equi:prent. 

The :yield on eapital · investnent : (before taxes) based on- a··· 20 year life 
... cycle-' will·· probably · be. : 19';6%. · A pessinlistic:·analysis ·' y'ieid.S · 9.4%, and 

.:. , opt;imisti.c analysis .Jields·--31-.0%.-·c.·:.capital·· i.ilvestire.rit for fhe·:·project is 
$1,000,000 and excludes housing or amenities for employees. 

33.?. ~-~ . Capital Cost '(" . ·.-·· "'" ;.;~ 

· T~le 33-3 ~~izes capital ~ost, whi~ total. $l,OOO,ooo . oo • ..:: ~-:-"'~' '.. -7 .... ·~: .;_--~.:....~;-::: $-- .. ~.·~"":0 --·:~--; ~·~-:r-· . . 
Major oost items are the -v.'ells, ($270,000 . 00) and the deep -well turbine r. -.r. •• ·. ··~::•:· .;_;.,: ., , • .: •,; ' 

pumps with vari.able _speed drivers, . ($200,QOO . OO) .• 
:::.:•.:.. .,. ~-• .J"- • : I '"~..,;. • .. 

_,. .. . . .... 
33 . 2 . 2 Ope.rating Cost and fri'c&e sl.lltlfary- :' : · :: '! ~ : .. : f"f:' 

• ~ l :.: :. \ . .. ,: t:-" ·-.·· 

Table 33-::4 shcMs the first year operating oost to. total ·: ·.~ . 
$111,913.00 . This will increase as labor and mat;erial cost inflate over 
the operating years. 

Incx:me pess.i.rn:istic .. ·· .. _.,. 
($175,000. 00), probable ($245,000.00), and optimistic ($343,000.00). The ~.. "':,. ... .]. 

difference in dollar anounts is the resUlts. ot the ~cular . canbination . f -~ :.t"~·c.: -~~- .. ~ ~,-:::.=.,.. ,.~..... ~ 

of yield and price used as shown in Table ~:f."!· -::C: ' ;,:;:._ ~.~ :~: 
• t' • ••• r.t...,.:, .• .-· .... • •;, .. ; . ~ J . •.•. "" ..: 

..... ~ :"" .. ~"' .. . 

-~=-:-_- l· ~~e~t~~ter ,- ch;~ ~~~of~~ l9Bi;~-~Geoili~ Aquaculture Projectu, . 
;:'·. :.~ :~, ·' .. , .:;. ... ~ • r. : .. " .. ·.• . } ' 
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33.2 . 3 Simple Payback 
'!. ;···- . . ; ... ':' .. :·· 

Table 33-6, showing siX tO ·eleven year simple payback periods, 

is evidence that_ geothexrnal systems can be at~6d~e ·. ~o comrercial 

develqpers, not only fo7.. '~.pPlieati.on in:· ~~ ~~tin~~· but fb~· developnent 
-· 

in the fields of aquacu~tllfe and a~isul:ture. a~.:CJ.emo~trated by the 75% 

savings over r.atural ~ ·:.~~t_ for equivalent arrounts of heat energy. 

Th~k results definately indicate that ~~ial . ~;~~~t of the 

-:.'dent.rai Texas geothernal ,resource :.~-, ~d~\~ ~;.;dc:a1ly ~ttractive • 
• -,.: . :/ ' -.. !' ,. J,, .. _ ; ... ·~~::. ~ • 

.. Wells, 3 required; ·cased:;- 2-;'000 ·ft: deep ---·· - · - -

~'ell pUIIDs , 3 recrui.red, . 100. hp noto:c, v;rriable . 
speed di:-ive .- · '· ' ·: ·. . •.· · .'.'' - ., · · 

Darrest ic ·water well ahd wat er system 

Piping, polybutylene supply, polyvinyl chloride drain 

Well head buildings, 3 required 

0 Ponds 

Clearing and grubbing 
Dike construction 
Bottom grade and carpaction 

o Access Roads 

Clearing, excavation, and 
grading 
Gravel 
Culve·xts 

o Machinery (including office 
and l.ab) . 

750 sq. ft. building 
Bquiprrent (including four 
250 gallon tanks, aerators, 
filters, mise . 

$ 2,000.00 
122,000.00 

4,000.00 
$128,000.00 

$ 2,000. 00 
8,000. 00 
2,000 . 00 

$ 12,000.00 

$ 13 , 000 . 00 

7 , 000.00 
$ 20 , 000 .• 00 

ill 

200,000 . 00 

10,000.00 

130,000 .00 

20,000 .00 

128,000 .• 00 

12,000. 00 

20,000.00 



-

Initial stoddng (1.~ post · . 
larvae l'ra~ ~ ~t __ @ $35/1000 ...... 

o Other equifirent . 

Nets and seining material 
~rdirtg i.nst:ru!rents and 
chemicals 
Packing and shipping cartons 

$ 1,500 . 00 

1,500.00 
2,6oo.oo 

$ 5,000.00 
... • • 0 ~ 

o Engineering fees 
,. - . . . _;). -....... . ... :.;. · ... ·. 

o Mise . l!Echa.-dcal and electrical 

· .. • 

~., , -

··sUBtotal 
Contingency 

. Total- capital 

: eapl.i:al CoSt ~ 
Table 33- 3 

_;· L- · . 

' t ,. 

22,000 . 00 

. 5,000. 00 

30AlPO_.OO 

15,000. 00 
$ 862 , 000 . 00 
;. _138.000.00 

. $1 ;{)00, 000.00 

... : . · .. · .. - ·:~ . 

.. · .. 
.......... ,J 

. . ~ .. ·' 

. ' 
:... ::- . :t·!'.J; . ~ . . ., . ..l • • r· ...... 
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·.· 

h 
!· 

.J 

r: 
~ .. 

1 
I • 

i 
1-... 

J • 

. L 

'· · 

. . .. ~ 

OPEAAT:rnG COST 

0 Electricity 836,230 KWH/year 

o Consumables 

Nets and seining material 
Chemicals 
Pad<aging and shipping cartons 
Feed @ $5.00 per day, per: aC:re · 

o Labor 

. $ 750.00 -
500 .00 

2, 000.00 
$18;250 .00 

. :...$21,500 . 00 

1 rnan @ $22,000/yr 
2 men @ $12,000/yr 

... -.•. $22~000.00 
24,000.00 

. '$46,000 .00 

0 . · Maintenance . ·, ., . 

Pip;i.ng 
Pumps, hatcheJ:y, bldgs. 
Ponds al')d· roads ' 

'· ~ ... . .. ~: ·\"';... . . . - ·-
0 Property taxes and insurance 

'· . . ~ .. :. . 

· .. 

o Total operating cost (1st year) 
,,,. . ~ ·:- .. :. ·. 

$ 763 .00 
14,086.00 

. 1,643. 00 . 
$16,491.00 

·: ... '"? 

ll-.1Xl1E (1ST YEAR) 3 CASES 

~ 4 ·_;;.. 

.. . .·.· , 
1 . Mini.rrurn yield, mi.nilmlm price 

(fl!=SS.irnistict 35,000 lbs/year r , ... ... ' , :' 

@ $5.00/lb = $175 , 0_00.00 

2: ,.~~ ·y~i~, ·~ -p;lc~:·. ' 
.. 
•o I ' 

.. :-:."' .· and/.or· ll!inimum':yield, ..maxirnJm;·· . 
price (probable) 49,000 lbs./ 
year @ $5 . 00/lb. = 

,: . -~ 

$245,000.00 
$245,000.00 35,000 lbs/year @ 7.00/lb = 

3. Maximum yield, rraximJm price 
(optimist:i,c) .49.,<'1.00 .. lbs/year· ::):. .;;·: 
@ $7 .00/lb. = .. ·.· .. r·; .. ;,.'$343 ;ooo .:oo 

, , . · . .. =.r ···.· .. .. ;.t..·.:t,~ 

:"'· . ~ -·- .-.::. ::.: . ? 

·' ., 

~ting Cost; and~ IncaDe S\:amary 
Table 33-4 

• 113 

.­-· . 

$ 17,676.00 

$ 21 ,500 . 00 

$ 46,000 . 00 

. $ 16,491.00 
'( "' , 
$ 10, 246 .00 

$111,913.00 
~~-· .. ~. 

i;,· . • · 

~. 
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33.2.4 Cost Analysis 

Life Cycle Cost Analysis \-laS CC!Tpleted for the Aguaculture ponds using inflation rates as follf'WS :_ . . · .. · 
E1ectricity~ 7.9% 'thiough . l988 

9.1% from 1989 through 2001 ... 
Consumables, labor, and mainteP.ance: 7% Insurance: 2% Sale s price: 7% 

Table 33,..5 shc:Ms the annual costs· for a 20 year life cycle as follows: 

Column: 1. _Geothenral Electri~ · 
2 . ~les 
3. Labor 
4. .Haintenance 
5. Insurance 
6. ·. · .:~ Geotne:onal Cost . ~. ~-~ 

'·· , .· . ·: The rate of retiim on· invested capital, a.Sstmri.ng 100% equity 
financing, is 31% for a yield of 49,000 poonds annually at a price of 
$7.00 per pourXl. 

~ .: ' \ , .. : .. I.f the as51.lllption is made that only 35 ,000. pounds per year can - ~ .... : 
be produ~ and sold at $5.00 per pound, the rate of retum drops to 9.4%. · 

l ;,; :. . -~. 
. . . 

Either a yeild of 35,000 pounds at .$7.00 ~~or_ 49,000 -' __ :: 

pOtinciS ·at $5.00 per pomld, provides rates of return of 19. ?% . 

The best case is presented in Table 33-6 <;oluron l and 2, 
'... ~ ·•..• . ..... 

follo.o.>ed by the worst case, Columns ··3 arid ·4 Table :33-'6 , · and tne' p:robable 
case Colum 5 and 6·'~{~ ~j~G . Year of sinple payback i~ indicat~ by ari . 

-::· : . .;:;_";.~ .... :·:: ,. ;. :-.. ..:" :; ~ ,;.·· . ,;.. * appearing on the right side of the-~arU:n.Jal .casli 'floW. tear· that payback . ~ I. -." ··. i:~ ~~~· -..~ _ .. ,.~ ! :. : ·~ · • 

•. ; .:•: • j ... • •• 

. > .. -~··~· :: .. ~:~l ~· 
Table 33-6: 

ColU!ml.: 1. Sales for 49.:,"000 •llis; @. ~/lli., 
:; 2.:0-.. Net:··Cash Flow 

3. Sales for 35,000 lbs. @ $5/lb • 
.. 4.:. --~~~ .Cash.Y..low.. .. .... ...... . __ .... . . ..... - .. 5. Sales for either 35 ,1)00 lbs. @ $7 /lb. or --- ·- 49,ooo1h5:· @ $5/fb. .. - · 

·_·; ·6; . · Net' cash; Fl~ ~c 
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! ~~:r.:: ! .... :~ .... ,, f'' · 

-· .. ·Table 33..:5 . .. 
.• • j -. '. : ,, ' • • ,. 

~)l'.,i,~ l : \~1 

· .. q;. 01p:lectricJ. ty 
Geothermal 

bVt,l..\ __ System 
. ,;tt•' ; ~: 17676 

• :nL:-;~ 

... .... 
VI 

19072 
20579 
22f05, :u' 
23~59, , I • 1 

25852 • I ·, 
27 ~.~·'4 '. . · .. ~ 
30432 ...... ; 
332021~:, 'I 

3622~i-r' 
39520 • 
43116 ... 
47039 ,;. , ; 
s1no : .. 
5599Q : .; .. :· 
6108S.''\:'.~ 
66644"-' .. 

t · ._ , 

7270~ .. . ,· 
79325 '· -
86543.: ,, · -: 
9441'9' ; ·.-;,-

'\ .... , ... 
93712(1': .w : 

}/> ld ·.J 

0 •J'.: -, ~ l"" 

.··~ r~ 
·:.~·J i .·,. ·' t 

.-:-~-:--, .. :., ·· .. ·' ? '-Jt«'- ' · .. 
.~. ~ :..: .i ' 

;;·. •1 ~- . ..... ' '.·!.J 

... \ ·- ... 
:/ . .i ·~ 

Consumable 
Materials 

~ ~~!;-: -: 

21500 

, 1 • 2;?00p.J 
24615 
29_33_8; 
28182 . 
30'!'55 ~ 
3226.6.~ 
~4524 .· 
3694f:, 
3952.7:, 
4229.~j 
45~54,, 
48'422.i, 
5i8l,2' ; 
5543e :. 
5,~}19. ;\ 
634.'22.~, 

67~f...5.·, 
72.6'6.9,7, 
7:7.7,Sp;;,, 
B:{,\~a,.;\ 

.'!')"", - ·){: 

9~jtP.~ ~, 

Labor 

46000 

'.:49220 ' 
52665 
·563P:2.? 
-6Q2.9.7'; 
,645p;, 
6~03:4.~ 
7386~:_. 
7903{-l 
8~$§9. : 
9048~ ! 
96~2.4 

103601 
liOB5l-. 
11:8,6:13:·1 
1269-lS··, 
13~-~Qq· :: 
11.5_305, 
15?47r7, . 
1Ei6~ ... 60,,, 
178005, .. .. · ·: 

2oi7.79a~-
·\-·· ·· 

,, ) 

Maintenance 

;- ....... 
16491 

:·. (17645 
18881 

>20202 
. 21616 
: ;23:129 
124749 
.' 26!181 
J ~8.~35 
,-aons 
132440 
44711 

Jl7:l41 . 
1~.9141 
\4~523 
i45499 
•4.~684 
52092. 
5.513& 
5~.640· 
~3~15 

) : ). __ .l,' 

74.~~811· 

< ... .. 1 

Insurance 

10246 

10451> .·· .. 
10660 
10873''·7 

11091··· . :_; ·'' 
1131Ztl. ;~: 

11539: . . 
11769.\ •. ' 
12005· ,,. :j' 

12245(•: 
. 12490( \o. ••• 

12740 ... ··. ·.• : J 
12994" . :.. 
13254 . ,, •. 
13519 '·. 
13790 : 
14066 ·, 
14347 ·L. "' 
14634 ·• ~ 
14926 :. 
15225 . i :,; ; . ~ 

:· ... ~<·h.:''' 

Total Cost 
Geothermal 

system 

119394 . 
127400 
135971 
145145 l! ,, 

~·· 

'' 
..:! 

, . . 

154966 
165481 
177073 
189519 
202882 
217232 
232644 
249198 
266979 
286083 
306609 
328665 
352367 
371843 
405226 
434663 

• .... 
,, 't.: 

' 

..'J·,;,: 

! p 

253930 ;c . .. , .:' 4875338 

' . • ., ~ :·,,· •- I 

,. 1,¥.J1lacult;u~ .~i'fe Cycle 0 & l1 c;:ost 
I!' . (.' c'·:, r . I Tal:>le 33-5 l : . •. I 

~ 
.-!!!' :. 

·.· ··· ···· 

) 

at 



Table 33-6 . 

Sales For Net Cash Sales For . ·. Net Cash sales For Net Cash 49,000 Ths. Fl~,"\'' · .~s,poo lbs • . · .· '·. F~9M. • 35K lbs @$7/lb Flow . i @ $7.00/lb . @ $5 . 90/lb I 

or - ·-· ... ~- .. -- - ... -• ., ···-·· -· ..... _. __ , ~ . 
--~9~ : ~s ·~$57lb 

.... - ... ~- .... ---
--- . . . . . .... ~ .. ···-·· . 

. ·• , .4~7010 241616 ' , 18.7250 ' ·6!7856 262150 .; ! 142756 " •» . '392701 '' ·26!boo · '2oti359 72957 280501 153100 \ •; ·1 ~~0190 .2~~-~19 -- 214383 78~_].2 . 300136 .• 164165 ... _' .: . ,_449603 '30~~58* :t:2293,89 :.842~5 ,, ,·· 321145 176000 • .. • '. 481075 32~,109 :;245447 90481 . 343625 188659 at 
5
'. ' ,5,14751 3'49,270 1 -~62628 9!7(147 1. ' 367679 202198* 550783 .37~'710 

~ ~~.~-~~~ 103.939 393416 216343 < ,:· 589338 3~9!li9 111164 ·420956 231437 · '. -~630692 ~'?,?'16? 1321730 118848 ,450423 "': ~;~' 247540 .. ' ' :~ 6;74733 '457~61 ~-~,442~1 1'2.7019 . ' 461952 t ••• 264720 . ;,7'21904 '4993-20 . TJ08349 135705* '" ·'515689 ... .. ' 283045 ..... '· - ~72502 5.23304 .451·243 165160 . . ·~631741 345658 
.... 

'.j 1
, 26577 ~~~597 "' ;421]?3 176222 i." '''675963 369354 "~·~aa4437 598354 451213 195160 631741 345658 :··;::~46348 !i3~'Z39 482831 17622~ ! :-•· --675963 369354 .'l'OI2592 6Ba92B ~16629 187964 :. . --'723280 394616 : .J;o:~3474 7,3po6 552793 100425 ' ; . '773~Jl0 ,, 421542 .. 1!59317 78.1474 591488 213646 i ( . ! :1!38083 .. 450241 ':l240469 6_~52_43 6~_289.2 227667 :_. !I': f886049 . • .• • j.· 480824 · ·:! '3:2'7302 8~i639 677195 242532 · · tl'•.c948073 513410 l;t! I . /~.:d I' 

'·:-•'. ,,. 
TOl'AL '1.5045756 101JQ,4l·? 7676406 2801068 . '! 10746968 f ·•·i 5871630 

~. •_! , 

SIMPLE ~ .\~~ \t -: l~l! . ~!~.1'~ ' 
PAYBACK <·-.2t"·.::· 4 year9 11 years 6 'years 

~- . . :~ •• I pt.; t .~ .. t;: I ~~_.,...... ·~-···t,.··-"ti , 

RATE OF: b· ; -~ . • .- ~ ;;; . t .. ~ .. ~~;f'·ii •. . ·· .. ·~· - ~ ~ ~- ~ ~"'-, ;' . ~ ·"'. ~ \ •I 
.FEi'l't7RN 31% . 9 . 42 .... ... -19. 6% .. .. •· - . ·· - ·- ... -· .... ....... 

*Simple Payback: 'f.ear 
• • _,,._1 t -~ ·• • ~ ..• 

1\quaculture Life Cycle Cost Incare 
Table 3~~6 • 

~~llli"'"""l .......... ~...--.----
__.. ,...._ 



34.0 PUBLIC AWAR~~S PROGRAM* 

- . 34.1 Cbiectives 

.The success~of a .d.em:mstration, or prototype, . project that 
. . r ;: 

.. ·.· 

.- · ~pplles a ·nBv technology ·.··is· dep€'..ndarit upon two fun~ons: 1) 
.. <~.... ...-: ~ .. _, .. :: .. ·. ' ~\ . . .. -: . . : '· ... ~· . ·: i : . . 

· · te~~cal quality of design, constr\lction and operatio;n of· tl'le project;;~ 

The 

,: . , ·<.~~::~~ ~~~~~ pf the techrlical sric~ss and th~ . ·!easibility of its 

, · ·> '>· application 6n a brocider-~ ·scale and a c;orrroercial .~si.s •. · The Public 

. ·-. .. _::·-.. : · .jl~~~~S · hoi;r~~· was - th~· ' irlricipal rreans of ~J;~o~g. tP,is second 
' · .. .. ~. • .. • - • • • .. • • • :. • ·.s_ ... •• • • . • • .. ~: : ;> •• ~ .. ~ • • ~ : ~ 

...... :.:---.... ftiii:Ction' 'in accordance with OOE's original 'R:N objectives . 
. ; l..,' : ... • -.~ ·~ . ~ r ... 4: . . ;v _.... .... . . . . . ,:· . . ; . .. . . ,_ ' . ~ ·. 

· .~ ·· <;< ·. '· . :: :rm~ p~~~~d::~:~ obje~ves: 

: ...... . 

·. ,., . 
. ... :: . ~· · 

. :~... . .. 

~· . - - · ;. , o T; at~Ct_p:rtEnfial '\]Se:fs .. of.low 
~.J f~t. ;' ::: t r .i f.~;{ ~.. ·t~ture. geothe:anal ·en~~ and 

. ... : ~ ~- .... -~ ; .. <.~ -. . ~.'~:-~~-:-{~:: . : :> . .' ~- . 
o 1'0. mfohn· the general p,;lpHd ~o~ . t:he . .. 
Nav~ c9li:ege ~ro:J~·,: Tl:i'."i';arti~iai; · ,. 
ahd to·. the use o f'<.low temDel:'attire · • . . - '· 

·:· ... ~eq~L,~-·~ g~e:~~:;::: .. < .. ~ ,. 
34 ,a ._ : ... · .... Prop;c:m. El:rrents . . .. .. ..· ~.·. . . 

:~ct:~~~;~~::t~~<~~~~~~-~~~:~·~ ~:.~Was . a~y~_;?':~~·.~ e:~~ 
pr <;ije&e..;;:.tem· ··ana.· endecL with : c'ori'pletion of the audio/visual slide _shew . ih 
-.-,.:~:;~~~;.)~{-~:i~~~- ;·;-·:_.:_:~--~- ... ·-.. _·:.~ .:·--.:· . .'! ~-' ~ . ~-·:· . ~:~ . ~ \ 1, ~ . ~: \ .. 1. -~ .. ~:~ ~: ~~ . \ \. -~~~· 1 \ ~~-··' 
'Fgus_:~.1 . .f>.{ :, 19:?~ ~ . : Ha:--e,ver, , tl)e ' pubhc awareness :Ennctl.On. J.S ~ :.?~oJ..ng 

, claivitt:;:~t· .wi1:i/~eont.l.nue · :G;' ire iJt:Ure. : .'I'he ~ccess Ji: ·tik ~· Pui:>lib 

~~~~~;_:~::;~i' ':7'y -~- · -~~"" \ri!~:;:~ "':f:'!: 
of :·'the.:::Cblleges·•;: adrcl:i.iUsfration: to respond ·t.o the· news,: rredia .. and ·public .. 

• • ; o ,_... ~ .,._., ,o•• • ""· ·"': • • • •---;-~: . ··.;:,.·::.·. 
0 

• •• : • • .: ' .; • ,J , . ,•'t"' :;:, • ;~ .. :t~ ... • ~; ;~ ·~.: :· ; 

.'v '' • .:-i~~~{.~-.~·.-L .. ~>.· -~lteg·: e ~:i!~~ · ~.:· .. , . '. ·P·-~:J·:~~ . 'per.,, :~~~.·::.:·.I~ 
. •r . __ . p~~- .9~.:.the .,,_ .. ,_ . .. · . .-: · 

! · :: _ .. 

. ...--.. 

::.:. . . .. . . ~ 
foil01oling' ' elerents \•"e.re created. : to:: · ~ic p~, w.a,s~ , FOil~d ~ flll~: the 

• ' , . · ~· -""' ~ • • • .. • . • # . ... • , ' :·· 

' i:iipleiment ~ program objectives. 
' . L ' ~ • . ~ i • : t,. ,; f 

-: ,. 

·"··· .. · .. ' 
';· · ., . 

. -~:,-~S·. sectiori.''descrilies ~ effort which·, ._is unique to ~ Navaf;:o _-~::ollege'' 
• · . . · p-F6je~ . and which is in addition to the' ~·,standard" ··ooE PCN rutline :in t!p.s . 
. . . ,. repolj:~ · . . ; 

... . - "' 
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N.;1 va rro ColiC!JI.' to son l(:dily fl'ilf) iiiJII:ICIIft ur11 hil n·f!SI 

-



. . . . 
!."."'! 

. /. 

0 Press Rel eases, 

"' 

S~te Signs 

() In.fo:r:mation .Dissemination . .· . . .. 

0 Tours 
) ; . . :· ...... ' . ~ . 

o Audio/Visual Show 

~ately befo:r;e . or a;ta: 
.. i.rrp:)rtant proj ect milest ones • 

. ~i~ed llriortant features of 
. the project. . - . 

Si~e -id~tification and public 
data en project purposes, seope, 
par....icipants , and sponsors. 

Mailing of infoJ:l!B.tion on 
aquaculture or geothennal uses to 
w.r:_~tten.:_. pr reque~ed ~ies. 

. ~<:l.~cted si"\;E? tow;:s •. :to potential 
developers of geotheJ:mal systems . 

. An f~ti~tm;t~- pi:'EisEffidtion for 

·r-. 

release to. rredia; visitors, and 
other ~g-eilgagerrents. 

NeWs ;~lea~~ ~:ie di~fi'.ibuted. at ~~t rtilestones -d~ing the 

cottrse ~& til~; pfuj~~ifud'' iri'ciliiea'~: i> -~t the conclusion' of ttte contract-
.. ,. . " . .-'after -~ccess:ful · ~letion of the 

,. . . :' -; • .. . . ·~:·· .. -:-. ·. ~ . .. ~"~ : .. <'· . .'':~· ... ; .::. _. . .. : :.,· .. . 
geothermal well; · 3) - at constrUCtion -and· dedication cel:-erronies ; arid 4) at 

harvest ceraronies marking the succ~~s:&i· :.~leilbit bf the . o~ational 
~ '~ime of-~the. pi:-o:f~;'- . A--~l~g~· of . thes~·~ r~le;~'e:; is in this report 

~:· .·~_t.: -<:Figure 3-4~1) -.· Jur· ·hi~~fule~~§ ~-:;c~ied .. b~ i~- ~d regio~l papars 

,.,_ :-,_~;: __ :: g · 'Weie · 'ilic/-: di'Stlili~:,~8'u~-iak· ·~the · · ~t~ · ~~ii·.:.til.e Associated wire 

'" :· .. · .. · .. ~:.. :~ .: :: :..--:-. . · .. 

'' ••• . _.:. . ·.4 ~:: ' : :. '. {, ~ ...... _....,.... ., .. ~ ':"· ~:J'"·" :... :: <" • : • ,, :.. • • • ":": • ;. • : : .. ' • ..·.... .";. c . 

:·· .. harvest• cereri'Oriies were ·a.t-t~d, arid covered, by the representatives fJ::a:n 

,._.:_.:'''W:FM t:hanrfci. s':<o:f ok'il@, ~i_ arid ... ~_,"~ei ·5 oi iort w:>~, Texas • 

• .. ;.~ · ,.. ~ ·;.. ~ ..,.· : , .J."""{.:" , . ... .... • .. ; ·~~ . ........ · . -·:··~;s ·~.,· ., .· ..... : . · . ... · ... :fi~-f~ 
• c ... - :These' broad&sts were' then' released to natio:i1 Wide affiliate stations for 
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